International telecytology can improve patient care by increasing access to regional and international expertise in cytopathology. The majority of international telecytology studies published to date have been based on static telepathology platforms. Overall concordance rates for these studies ranged from 71% to 93%. This is comparable to the concordance rates published for other studies comparing diagnoses made by digital still images to reference glass slides, which vary from 80% to 95%. Static telepathology systems are relatively cheap and easy to use, and have the potential to increase access to international experts in developing countries with limited resources.
| I N TR ODU C TI ON
Telepathology is the digital transmission of pathology images for diagnostic purposes, currently performed by one of three modalities: (1) transfer of digital still images (static telepathology), (2) streaming of real-time images (dynamic telepathology), or (3) conversion of glass slides into digital/virtual slides (whole slide images or WSI). [1] [2] [3] [4] [5] Digital pathology images and virtual slides can be used for a variety of purposes including diagnosis, consultation, and education, among others.
Telepathology can also be used to decrease barriers to regional and international consultation and collaboration, by addressing concerns regarding turn-around-time, shipping costs, and the risk of losing unique specimens when sending cases through the mail for consultation. 5, 6 For these reasons, there is considerable interest in the potential for telecytology to improve patient care by increasing access to regional and international expertise in cytopathology, in addition to the potential for improved cytopathology training and education. Herein, we examine the current use of international telecytology for diagnosis, consultation and education with consideration of primarily static telepathology and whole slide imaging.
| OV ER V IE W OF TE LE CY TOLOG Y
Digital telecytology has several potential clinical applications, as listed in Table  T1 1. Among these, the use of telepathology for consultation and expert opinion in difficult cases has been used most successfully with surgical pathology slides, and this has been well-described in the literature. 3, [7] [8] [9] The adoption of telecytology consultation into clinical practice has been slower, however, due to the unique technical challenges inherent to cytopathology materials and the difficulties these Dynamic or live-streaming telecytology requires a microscope coupled to a video camera, a fast internet connection, and a reliable method for telecommunication (such as a head set). 4, 12 With this modality, slides are viewed remotely by a cytopathologist in real-time.
Slide navigation is accomplished by either a skilled operator, such as a cytotechnologist or cytopathology fellow, or using a robotic microscope remotely operated by the pathologist. 2 The most obvious use for this technology is for rapid onsite adequacy (ROSE) assessment and facilitates more efficient use of resources by decreasing the amount of transit and wait time for cytopathologists during procedures, and allowing assessment of multiple dispersed sites from a central location. 12 The use of ROSE for telecytology has been explored by several institutions. [13] [14] [15] Dynamic telecytology could potentially be used for real-time international expert consultation, but such use of this application has not been widely explored.
Static telecytology is the simplest modality and the earliest form of telecytology adopted for international use. The basic work flow is: (1) digital image capture, (2) digital storage, and (3) image forwarding.
Static telecytology requires only a very a basic set up including a microscope with a digital camera, a computer to store images, and an internet connection to transmit these images. 4 While this modality has minimal technological requirements and is low cost, it is heavily user dependent. The selection of appropriate diagnostic areas depends largely on the operator and is susceptible to selection bias. Conversely, it is very easy to disseminate digital images using static telecytology, and this technology has been proposed for use in training, quality assurance, and proficiency testing. 16 Not surprisingly, given the ease of set up and low cost, this has been the most widely adopted modality for telecytology consultation. A study by Dalquen et al. of diagnoses made on digital cytology still images using the iPath network showed that expert cytopathologists were able to differentiate between benign and malignant diagnoses with roughly 90% accuracy and high interobserver agreement (overall kappa score 5 0.791). 20 The study compared four pathologists and included 167 consecutive cytological specimens, the majority of which were wet-fixed and papanicolaou stained, and comprising of effusion specimens, urine and bladder washings, bronchial secretions, and FNA of various organs such as salivary gland, thyroid, or lymph node. These were compared to reference diagnoses based on glass slides (91 neoplasms, benign or malignant; and 76 non-neoplastic). The best interobserver agreement was observed with the diagnosis of malignant cases (kappa 5 0.829). Specificity and sensitivity ranged from 83% to 92% and 85% to 93%, respectively, across the 4 consultants; overall accuracy ranged from 88% to 90%.
Another study based on the iPath platform examined the use of telecytology for consultation between remote hospitals affiliated with Aga Khan University (AKU) Hospital, in Nairobi Kenya. 19 In this study, between four pathologists for diagnoses made on digital still images. 23 Lastly, the performance of telecytology using digital images captured and transferred with smartphones was studied by Sahin et al. who
found that microscopic glass slide and smartphone image diagnoses were concordant 84.3% of the time, with intraobserver kappa agreement ranging from 0.665 for urine to 1.000 for EUS-FNA. Diagnoses rendered included: follicular neoplasm, suspicious for papillary thyroid carcinoma, neuroendocrine tumor (low grade and high grade), highly suspicious for adenocarcinoma, rare highly atypical cells/ suspicious for malignancy, lymph node sampling/negative, metastatic carcinoma. The majority of GYN cases were benign. All FNA images uploaded were adequate for the diagnosis. There was some difficulty with hyperchromatic crowded groups with liquid-based GYN images.
The case turn-around-time usually was <24 hours. Patient follow-up information is collected for correlation between the primary diagnosis and consultant diagnosis. In this small sample experience, we found 100% concordance between the original pathologist's diagnosis from the submitting institution, versus consultation diagnosis provided by UCLA. It should be noted that while originally we expected a high volume of GYN cases, in reality only 10 cases have been reviewed so far.
This is because the institute submitting the cases only uses the SurePath method, and SurePath smears are notoriously known to have 3-dimenstional groups that are difficult to review via WSI without z-stacking. In addition to the technological issues, our experiences also highlights the importance of issues including understanding the differences between cultures and medical care systems in implementing and maintaining a Telecytology program in an international setting.
In partnership with KingMed Diagnostics (Guangzhou, China), the UPMC has developed a strong and collaborative international telepathology consultation service based on whole slide digital imaging (WSI). care are also possible with international telecytology consultation. 25 
| I N TE RN A TI ON AL TE LE CY TOLOG Y ST UDIE S: H OW D O TH E Y COM P A R E T O A CT U AL S L I DE R EV I EW?
The majority of international telecytology studies reported overall concordance rates above 80%, with a range of 71%-93% (Table  T2 2). This is comparable to the concordances rates published from other studies comparing diagnoses made by digital still images to reference glass slides, which vary from 80% to 95%. 4, 20, 30 Reported concordance and accuracy rates for dynamic telecytology are higher, at 95%-97% concordance and 99% accuracy, 31, 32 perhaps owing to better selection of diagnostic materials up front by viewing the entire slide in real-time.
This is supported by high rates of adequacy for dynamic telecytology, 94.0% versus 97.7% for conventional glass. 13 Inter-observer agreement, reported as kappa scores in these international telecytology studies, was acceptable overall, ranging from 0.710 to 0.791, which can be considered substantial or good agreement. Intraobserver agreement showed a wider distribution of kappa scores, varying from 0.538 to 1.000, which can be interpreted as fair to excellent agreement. Intraobserver agreement appeared to be heavily dependent on sample type (as seen in Table  T3 3). Urine cytology specimens and biliary tract specimens showed lower intra-observer agreement, likely reflecting the inherent difficulties in diagnosing these sample types, such as poorly reproducible criteria for specimens falling under "atypical" diagnostic categories. Higher intraobserver agreement was seen with cervical smears (Table 3) , approaching or even exceeding crude intraobserver agreement (85.6%) 33 and intraobserver kappa scores (ranging from 0.47 to 0.81) reported in the literature for cervical-vaginal smears.
33-35
The greatest concordance and diagnostic accuracy would be expected using digital whole slide imaging for cytology specimens; one study showed 90%-100% concordance between Aperio digital images and glass slides for thirty cases (10 ThinPrep gynecologic cases plus 20 nongynecologic cases).
10
Most of the international telecytology studies reported here used digital still cameras (usually Nikon brand) attached to microscopes.
Methods for transferring images from the referring pathologists to the consulting pathologists varied, including: (1) attaching images to an email, 17, 18, 20 (2) uploading images to a website for online review through a digital portal or shared weblink, 19, 21, 24, 36 or (3) file transfer protocol to a custom server network, 22 from which the digital telecytology images could be reviewed, and (4) using a smartphone application to transfer images from smartphone to smartphone. 24 In all the studies, clinical history and other pertinent data were made available in some fashion along with the digital images, and on several platforms consulting pathologists could leave comments for other reviewers prior to finalizing the diagnosis. The most important causes of diagnostic difficulty or discordant diagnoses between telecytology and glass slide review were: poor image quality, poor sample preparation including poor staining, thick areas out of focus, and obscuring artifacts. 19, 21 Another cause for an unsatisfactory telecytology case was inadequate number of fields/images. 19 Based on these findings, we propose selected criteria (in Table  T4 4) for the minimal information necessary to be included for a static telecytology consultation, to ensure a greater chance for successful interpretation and diagnosis. It is important to keep in mind, however, that a static telecytology consultation cannot replace examination of the entire specimen, and thus is not suitable for a primary diagnosis, but rather for a second opinion. Lastly, diagnostic difficulty was faced with all sample types due to lack of immunocytochemical and/or molecular or other ancillary testing. 20 
| CON CL U S I ONS
For international telecytology, it important to consider that one size does not fit all. Resource-rich academic and private medical centers with the capability for WSI will be able to create digital/virtual slides and perform ancillary studies on site, rapidly scanning new studies for virtual upload as required for the expert consultant(s) to finalize their diagnosis. This will: decrease time for second opinion in difficult cases; improve education and training; enhance quality assurance activities and proficiency testing; and all with the added benefit of increasing collaboration across international boundaries. This is perhaps the only modality through which a primary telecytology diagnosis may be possible. Resource-poor hospitals and geographically isolated pathology practices, on the other hand, often lack the resources necessary to invest in whole slide digital scanning. In some cases, remote sites may not even have a pathologist available. In these instances, international and regional telecytology consultation using digital still images can still be of tremendous benefit to ensure the best patient care possible. To ensure a quality diagnosis, specific steps can be taken to ensure image quality and the conveyance of diagnostically useful images. Static telepathology systems may seem archaic compared to whole slide imaging technology, but are relatively cheap, easy, and rapid to use, and are clearly beneficial in developing countries with limited resources and limited expertise by increasing access to international experts trained in cytopathology. In the future, help may simply be a few clicks on a smartphone away.
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